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1
ELASTIC RESPONSE TIME TO HYPERTEXT
TRANSFER PROTOCOL (HTTP) REQUESTS

RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Pro-
visional Patent Application No. 61/747,188 entitled “Device
Timing Adjustments and Method for Supporting DASH Over
Broadcast” filed Dec. 28, 2012, the entire contents of which
are hereby incorporated by reference.

BACKGROUND

Hypertext Transfer Protocol (HTTP) streaming is currently
the most popular method of delivering content over the Inter-
net. For live events, content is made available progressively
through constant duration segments. The segment availability
follows a timeline that indicates when each successive seg-
ment becomes available in the HTTP server.

Dynamic Adaptive Streaming Over Hypertext Transfer
Protocol (DASH) is a standard that implements HTTP
streaming DASH announces the segment availability in a
Media Presentation Description (MPD). The MPD is a seg-
ment availability timeline that announces the segments, the
times segments are available, and the size of the segments.

In current systems, the MPD is provided to a receiver
device via Over-the-Air (OTA) delivery. In the provided
MPD, the segment availability times may correspond to the
encoder output times of the network side encoder generating
the segments. Because the segment availability times may
correspond to the encoder output times, the availability times
may not account for differences in actual segment availability
to a DASH client running on a receiver device, such as deliv-
ery path delays, receiver device processing delays, or receiver
device clock drift. Thus, the announced availability times in
current MPDs may not correspond to the actual times when
segments will be available to a DASH client.

A similar problem occurs when DASH content is delivered
through Content Delivery Networks (CDNs). The DASH
content is created at a source encoder, however the availabil-
ity time of the segment at remote CDN servers may be dif-
ferent at different CDN serving points.

SUMMARY

The systems, methods, and devices of the various embodi-
ments enable elastic response times to file requests by a
server. In this manner, the server may account for unpredict-
able delay in object/segment availability and reduce the fre-
quency that error messages (e.g., 404 error messages) are
returned in response to file requests when file unavailability is
temporary and due to network delays.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate
exemplary embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion given below, serve to explain the features of the inven-
tion.

FIG. 1 is a communication system block diagram of a
network suitable for use with the various embodiments.

FIG. 2 is a block diagram illustrating the architecture of a
receiver device according to an embodiment.

FIG. 3 illustrates segment availability times according to
another embodiment.
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2

FIG. 4 is a process flow diagram illustrating an embodi-
ment method for delaying a response to an HTTP request.

FIG. 5 illustrates the status of a segment buffer over time
according to an embodiment.

FIG. 6 is a component diagram of an example mobile
device suitable for use with the various embodiments.

FIG. 7 is a component diagram of an example server suit-
able for use with the various embodiments.

DETAILED DESCRIPTION

The various embodiments will be described in detail with
reference to the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative
purposes, and are not intended to limit the scope of the inven-
tion or the claims.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions.

As used herein, the terms “mobile device” and “receiver
device” are used interchangeably herein to refer to any one or
all of cellular telephones, smart phones, personal or mobile
multi-media players, personal data assistants (PDA’s), laptop
computers, tablet computers, smart books, palm-top comput-
ers, wireless electronic mail receivers, multimedia Internet
enabled cellular telephones, wireless gaming controllers, and
similar personal electronic devices which include a program-
mable processor and memory and circuitry for receiving files
and providing files to requesting applications/clients, such as
requesting DASH clients.

As used herein, the terms “segment,” “object,” and “file”
are used interchangeably herein to refer to any one or all data
structures or data units which may be requested from a server.

Dynamic Adaptive Streaming Over Hypertext Transfer
Protocol (DASH) is a standard that implements HTTP
streaming DASH announces the segment availability in a
Media Presentation Description (MPD). The MPD is a seg-
ment availability timeline that announces the segments, the
times segments are available, and the size of the segments. In
current systems, the MPD is provided to a receiver device via
Over-the-Air (OTA) delivery. The Third Generation Partner-
ship Project (3GPP) has standardized DASH over Download
Delivery as a method to be used for providing HT TP stream-
ing using broadcast over Long Term Evolution (LTE)(i.e.,
evolved Multimedia Broadcast Multicast Services (eM-
BMS)).

Various examples of different applications/clients, middle-
ware, segment availability timelines, radio technologies, and
transport protocols are discussed herein, specifically DASH
clients, Multicast Service Device Clients, MPDs, eMBMS,
and HTTP. The discussions of DASH clients, Multicast Ser-
vice Device Clients, MPDs, eMBMS, and HTTP are provided
merely as examples to better illustrated the aspects of the
various embodiments, and are not intended to limit the vari-
ous embodiments in any way. Other applications/clients,
middleware, segment availability timelines, radio technolo-
gies, and transport protocols may be used with the various
embodiments, and the other applications/clients, middle-
ware, segment availability timelines, radio technologies, and
transport protocols may be substituted in the various
examples without departing from the spirit or scope of the
invention.



US 9,386,062 B2

3

The various embodiments enable a receiver device to
account for delays in the availability of data segments (“seg-
ment availability”) in a data stream for use on the receiver
device. In an embodiment, a server (e.g., a local HTTP server
on the receiver device providing segments to requesting
applications/clients, such as requesting DASH clients) may
operate with elastic response times for serving segments in
response to segment requests. In this manner, the server may
account for unpredictable delay in segment availability.

In an embodiment, network jitter estimates may be pro-
vided in a media description fragment that describes the seg-
ment availability timeline (e.g., MPD) sent to the receiver
device. In another embodiment, the network jitter may be
pre-provisioned on the receiver device (e.g., stored in a non-
volatile memory of the receiver device at the time of manu-
facture). In other embodiments, the network jitter estimate
may be delivered to the receiver device in any message, such
asina service announcement. As used herein, “jitter” refers to
the difference between earliest and latest possible arrival
times of a segment as a difference from the availability time-
line of the segment.

As used herein, “network jitter” refers to the maximum
difference between the earliest and latest relative arrival time
of the segment at a receiver device. The relative arrival time
refers to the difference between the absolute arrival time and
an expected arrival time according to the delivery timeline. In
an embodiment, the delivery timeline may provide the
expected arrival time of every segment in the list of segments
carrying the media of a service, and the delivery timeline may
be defined such that the next segment availability may be that
of the preceding segment availability plus the preceding seg-
ment’s duration based on the provided absolute availability
time of the first segment. In another embodiment, the avail-
ability time may be provided as absolute values for successive
segments. In yet another embodiment, the availability time
may be provided as a periodic availability within periods. In
a further embodiment, the availability time may be provided
as a combination of mechanisms, such as a combination of
absolute values and period availabilities. Network jitter may
be related to variability in segment size, scheduling period
granularity (e.g., multicast channel (MCH) scheduling period
granularity of 320 ms variability around 1 second periodicity
of arrival of segments), network equipment delays (e.g.,
bandwidth, transmission delays, processing delays, buffer
delays, etc.). Network jitter may be context dependent. For
example, variability in video segment size may cause the
network jitter estimates to vary between 70% and 130% of the
average size of the video segment.

As used herein, “receiver device jitter” refers to the maxi-
mum difference between the arrival time of the segment and
availability of the segment to the requesting application/client
running on the receiver device. Receiver device jitter may be
related to variability in segment size, scheduling period
granularity (e.g., MCH scheduling period granularity of 320
ms variability around 1 second periodicity of arrival of seg-
ments), processing delays on the receiver device (e.g., For-
ward Error Correction (FEC) processing, decoding time,
etc.), and receiver device clock drift.

The delivery of network jitter estimates in the segment
availability timeline (e.g., MPD) may enable better estimates
of buffering requirements at the receiver device server (e.g.,
local HTTP server on the receiver device), improvement to
timeline adjustments when the receiver device clock is not
synchronized to a server clock, and/or an elastic server
response time algorithm (e.g., elastic HT'TP server response
time algorithm) that operates without the need for timeline
calculation.
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In current systems, the availability time in the MPD pro-
vided to the device may be set such that all requests for
segments will be made after segments become available on
the local HTTP server on the device. However, this built in
adjustment in the provided MPD results in a delay in serving
segments to the users consuming the service until segments
are guaranteed to be available on the local HTTP server. As
examples, in current systems if jitter is large, delay is small
except for statistical outliers, or there is clock drift at the
device, the availability time in the provided MPD will be
pre-adjusted for worst case clock drift (e.g., one second, two
second, multiple seconds, etc.). As a result the requests for
segments will be made much later than when the segments are
actually available at the receiver device because each seg-
ment’s availability time is adjusted for worst case clock drift
whether or not a worst case delay is occurring. The delayed
request directly increases latency on the delivery path as well
as channel switch and initial acquisition delays.

The systems, methods, and devices of the various embodi-
ments enable elastic response times to file requests by a
server. In this manner, the server may account for unpredict-
able delays in segment availability and reduce the frequency
of error messages (e.g., 404 error messages) that are returned
in response to file requests when file unavailability is tempo-
rary and due to network delays. In the various embodiments,
elastic response times to file requests by a server may enable
latency and delays to be reduced and segments to be made
available when actually received. In an embodiment, the
availability times in the MPD may be set to account for
normal delays (e.g., 907 percentile delays) without account-
ing for clock drift. In an embodiment, the DASH client may
be enabled to make requests for segments earlier than the time
listed in the received MPD and may be served the segments
either immediately or as soon as the segment becomes avail-
able based on elastic response times to file requests by a
server.

FIG. 1 illustrates a cellular network system 100 suitable for
use with the various embodiments. The cellular network sys-
tem 100 may include multiple devices, such as a receiver
device 102, one or more cellular towers or base stations 104,
and servers 108 and 112 connected to the Internet 110. The
receiver device 102 may exchange data via one or more
cellular connections 106, including CDMA, TDMA, GSM,
PCS, 3G, 4G, LTE, or any other type connection, with the
cellular tower or base station 104. The cellular tower or base
station 104 may be in communication with a router which
may connect to the Internet 110. In this manner, via the
connections to the cellular tower or base station 104, and/or
Internet 110, data may be exchanged between the receiver
device 102 and the server(s) 108 and 112. In an embodiment,
server 108 may be a content provider server or encoder pro-
viding MPDs and segments for output via a DASH client. In
an embodiment, server 112 may be a Broadcast Multimedia
Service Center (BMSC) server which may receive MPDs and
segments output from the encoder and control the OTA trans-
mission of the MPDs and segments to the receiver device 102.
Of course, while features of receiver devices described herein
may be described with reference to OTA transmissions, these
features may be used in connection with wired transmissions,
wireless transmissions, or a combination of wired and wire-
less transmissions. Thus, OTA transmission is not required.

FIG. 2 illustrates a simplified receiver device 202 architec-
ture according to an embodiment. The receiver device 202
may include a modem layer 208 which manages all radio
aspects of the receiver device 202, such as acquisition, hand-
off, link maintenance, etc. The modem layer 208 may decode
areceived eMBMS bearer signal and deliver Internet Protocol
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(IP) packets to the Multicast Service Device Client (MSDC)
206. The Multicast Service Device Client 206 may be a ser-
vice layer of the receiver device 202 which recovers segments
from the delivered IP packets and makes segments available
to applications/clients, such as Application/DASH client 204.
The Multicast Service Device Client 206 may also recover an
MPD from the delivered IP packets. The Multicast Service
Device Client 206 may store received segments in a memory
of the receiver device. In an embodiment, the Multicast Ser-
vice Device Client 206 may operate as a local Hypertext
Transfer Protocol (HTTP) server for the receiver device 202
providing segments to applications/clients, such as Applica-
tion/DASH client 204. In another embodiment, the Multicast
Service Device Client 206 may operate in conjunction with a
separate local Hypertext Transfer Protocol (HTTP) server on
the receiver device 202 to provide segments to applications/
clients, such as Application/DASH client 204. The Applica-
tion/DASH client 204 may be a DASH enabled application
and/or an application which launches a DASH client to
present media (directly and/or via another application such as
a media player). The Application/DASH client 204 may
obtain the MPD location (e.g., Uniform Resource Locator
(URL)) from the Multicast Service Device Client 206,
request and receive the MPD from the Multicast Service
Device Client 206, and may request segments from the Mul-
ticast Service Device Client 206 per the availability timeline
in the MPD. The Application/DASH client 204 may receive
the requested segments from the Multicast Service Device
Client 206 and may render the segment contents (directly
and/or via another application such as a media player).

FIG. 3 illustrates various delays on the streaming path and
the effects of those delays on segment availability over time
that may be experienced by receiver devices, such as eMBMS
receiver devices. Segments may be produced at an encoder
and broadcast over a broadcast network, such as an LTE
broadcast network. The broadcast segments may be received
on the receiver device and stored in a local HT'TP server and
made available for consumption by a DASH client running on
the receiver device. The DASH client may request segments
according to the segments availability time listed in the MPD
of'the service associated with the segments. Segments may be
unavailable when received at the receiver device beyond the
availability time listed in the MPD. In the embodiment illus-
trated in FIG. 3, the local host HTTP server on the receiver
device may be enabled to hold requests for unavailable seg-
ments. In this manner, should the segment arrive late, this late
arrival may be accommodated because the request for that
segment may be held until the segment is available.

In an embodiment, a live recorded raw media source may
be broken into segments (e.g., 0, 1, 2, 3, 4, 5, 6 illustrated in
FIG. 3) by an encoder. The encoder may synchronize the
boundaries of the segments according to a network time pro-
tocol (NTP) time and the segments 0, 1, 2, 3, 4, 5, 6 may be
output from the encoder following an encoding delay. In an
embodiment, the encoder may generate an availability time-
line (e.g., an encoder generated MPD) listing availability
times of the segments 0, 1, 2, 3, 4, 5, 6 as the encoder output
time. The encoder may send the segments 0, 1,2,3,4, 5, 6 and
the MPD to a BMSC, and the transport of the segments O, 1,
2,3,4,5, 6 to the BMSC may further delay the segments O, 1,
2,3,4,5,6.The BMSC may process the segments to break the
segments into media segment packets (MSPs), synchronize
the MSPs, and schedule the MSPs for OTA transmission.
Each MSP may be assigned a set MSP duration, such as 1
second. The MSPs may be broadcast OTA to the receiver
device and upon receipt of the MSPs for the segment at the
receiver device the segment may be received at the device. In
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6

an embodiment, the time between the raw media source seg-
ment recording and the receipt of the MSPs corresponding to
the segment at the receiver device may be the network jitter. In
an embodiment, the BMSC may also send the MPD to the
receiver device. While the MSPs corresponding to the seg-
ment may be received at the receiver device, additional pro-
cessing may be required before the segments are available at
the receiver device. Additional processing may include
unpacking and reconstituting the segments 0, 1, 2, 3,4, 5, 6
from their respective MSPs, applying FEC, decoding the
segments, etc. A worst case processing delay at the receiver
device may further delay the availability of the segments O, 1,
2,3, 4,5, 6. In addition to a worst case processing delay,
receiver clock drift may further impact the availability time of
segments 0, 1, 2, 3, 4, 5, 6 at the receiver device.

In an embodiment, when segments (e.g., 0, 1,2,3, 4,5, 6)
arrive at the receiver, processing may delay the availability of
segments, and clock drift may result in an early request for
segments by the Applications/DASH client. In the embodi-
ment illustrated in FIG. 3, the announced time in the MPD
may be set to the earliest available time on the device. When
device clock drift, processing delay, and/or transport jitter
result in early requests for segments (i.e., requests for seg-
ments before they are available), the local HTTP server may
hold such requests in memory (i.e., not process the requests
immediately) in order to account for device clock drift, pro-
cessing delay, and/or transport jitter and respond with the
requested segment when the segment becomes available. In
this manner, clock drift and variability in segment processing
may be accounted for.

Inan embodiment, making the availability timeline aggres-
sively early may result in Applications/DASH clients not
requesting all necessary segments at start time because seg-
ments listed in the segment availability timeline may have a
corresponding availability time that was before the start time
of the Application/DASH client. In an embodiment, the
Applications/DASH clients may be enabled to make segment
requests for both segments listed as currently available per the
availability timeline and earlier available segments (e.g., one,
two, or more segments whose availability time of is before
that of the segment that is currently available per the timeline
in the MPD). In an embodiment, the Applications/DASH
clients may request all received segments at startup time of
the application. In an embodiment, the number of past seg-
ments that may be requested may be determined as the delay
jitter divided by the segment duration. As an example, if the
jitter is three seconds, the segment duration is one second, the
service is started at 8:00:00, and segment with index 100 is
available at 8:00:00 per the MPD, as a result the Application/
DASH client may determine three segments should be
requested (i.e., three second jitter divided by one second
segment duration) and issue requests for segments 98, 99, and
100 at start-up.

In an embodiment, enabling the HTTP server to hold
requests, and thereby have an elastic response time to HTTP
requests, may reduce startup, end-to-end, and switching
delays, as well as enabling a media player to start as soon as
the first segment is received. A drawback to starting the media
player as soon as the first segment is received may be that a
re-buffering event may occur if the availability of the next
segment is delayed. Additionally, starting the media player as
soon as the first segment is received in situations where slow
drifting clocks are present may result in re-buffering happen-
ing at periodic long intervals.

FIG. 4 illustrates an embodiment method 400 for delaying
aresponse to an HTTP request. While discussed in relation to
a delayed response by a local host server providing segments
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to a DASH client, the operations of method 400 may be
performed by any HTTP server to delay responding to file
requests. In block 402 the HTTP server may receive an HT'TP
Get( ) request. In an embodiment, the HTTP Get( ) request
may be a request for a segment from a DASH client. In block
404 the HTTP server may start a hold clock for the request. In
block 406 the HTTP server may determine whether the
requested segment is available. If the segment is available
(i.e., determination block 406="Yes”), in block 418 the HTTP
server may send the segment to the requestor (e.g., the DASH
client) and in block 420 may reset the hold clock. In block 402
the HTTP server may return to block 402 to await the next
HTTP Get( ) request.

If the segment is not available (i.e., determination block
406="“No”), in block 408 the HTTP server may hold the
HTTP Get( ) request. In block 410 the HTTP server may
determine whether the next segment in the series is available.
In an embodiment, if the next segment listed in an MPD is
already available the missing segment may not be required. If
the next segment is available (i.e., determination block
410="“Yes”), in block 414 the HTTP server may send an error
indication, such as a HT'TP 400 series response (e.g., 404 or
410), to the requestor (e.g., the DASH client). In block 416 the
HTTP server may reset the hold clock. In block 402 the HTTP
server may return to block 402 to await the next HT'TP Get()
request.

If the next segment is not available (i.e., determination
block 410=“No”), in determination block 412 the HTTP
server may determine whether a hold time threshold has been
exceeded. In an embodiment, the hold time threshold may be
adelay jitter plus segment duration plus the current time. Inan
embodiment, the hold time threshold may be based at least in
part on an expected delivery time of the requested segment to
the HTTP server. In a further embodiment, the hold time
threshold may also include a safety margin accounting for a
delivery delay or a processing delay. In another embodiment,
the hold time threshold may be the availability time of the
segment in the segment availability time line. As an example,
the hold time threshold may be based at least in part on a
delivery time listed in an MPD describing the requested
DASH segment.

The hold time threshold may be exceeded when the time on
the hold clock is greater than hold time threshold. If the hold
time threshold is exceeded (i.e., determination block
412=“Yes”), in block 414 the HTTP server may send an error
indication, such as a HT'TP 400 series response (e.g., 404 or
410), to the requestor (e.g., the DASH client). In block 416 the
HTTP server may reset the hold clock. In block 402 the HTTP
server may return to block 402 to await the next HT'TP Get()
request. If the hold time clock is not exceeded (i.e., determi-
nation block 412=“No”), in block 406 the HTTP server may
determine whether the segment has become available. In this
manner, the HTTP Get( ) request may be held until the seg-
ment is available, the next segment is available, or the hold
time threshold is exceeded.

FIG. 5 illustrates the status of a segment buffer over time
according to an embodiment that may be used to determine
the hold time threshold for an elastic server. In an embodi-
ment, after segment N is received the receiver device jitter
delay may result in the segment N not being immediately
available at the local HTTP server. Once the segment N is
available the segment duration plus the
MPD@ TimeShiftBufferDepth may define a buffer time to
live for the segment, after which the segment may be deleted
from the buffer. In an embodiment, to account for the receiver
device jitter delay and the time to live for the segment, the
hold time threshold for holding HTTP Get( ) requests for
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unavailable segments may be set to the receiver device jitter
delay plus the segment duration plus the

MPD@TimeShiftBufferDepth.

In another embodiment, the hold time threshold may be
variable. As described above with reference to FIG. 3, seg-
ments may be requested by an Application/DASH client
before they are available on the receiver device. In an embodi-
ment, the HTTP server may be enabled to hold the HTTP
Get( ) requests until the time the segment is actually received.
In this manner, segments for which a Get( ) request is held
may be served to the requesting Application/DASH client as
soon as the segments become available to the HTTP server.

The various embodiments may be implemented in any of a
variety of mobile devices (i.e., receiver devices), an example
of which is illustrated in FIG. 6. For example, the mobile
device 600 may include a processor 602 coupled to internal
memories 604 and 610. Internal memories 604 and 610 may
be volatile or non-volatile memories, and may also be secure
and/or encrypted memories, or unsecure and/or unencrypted
memories, or any combination thereof. The processor 602
may also be coupled to a touch screen display 606, such as a
resistive-sensing touch screen, capacitive-sensing touch
screen infrared sensing touch screen, or the like. Additionally,
the display of the mobile device 600 need not have touch
screen capability. Additionally, the mobile device 600 may
have one or more antenna 608 for sending and receiving
electromagnetic radiation that may be connected to one or
more network transceivers 616, such as a wireless data link
and/or cellular (e.g., CDMA, TDMA, GSM, PCS, 3G, 4G,
LTE, or any other type) transceiver, coupled to the processor
602. The mobile device 600 may also include physical but-
tons 612a and 6125 for receiving user inputs. The mobile
device 600 may also include a power button 618 for turning
the mobile device 600 on and off.

The various embodiments may also be implemented on any
of'a variety of commercially available server devices, such as
the server 700 illustrated in FIG. 7. Such a server 700 typi-
cally includes a processor 701 coupled to volatile memory
702 and a large capacity nonvolatile memory, such as a disk
drive 704. The server 700 may also include a floppy disc
drive, compact disc (CD) or DVD disc drive 706 coupled to
the processor 701. The server 700 may also include one or
more network transceivers 703, such as a network access port,
coupled to the processor 701 for establishing network inter-
face connections with a communication network 707, such as
a local area network coupled to other announcement system
computers and servers, the Internet, the public switched tele-
phone network, and/or a cellular network (e.g., CDMA,
TDMA, GSM, PCS, 3G, 4G, LTE, or any other type of cel-
Iular network).

The processors 602 and 701 may be any programmable
microprocessor, microcomputer or multiple processor chip or
chips that can be configured by software instructions (appli-
cations) to perform a variety of functions, including the func-
tions of the various embodiments described above. In some
devices, multiple processors may be provided, such as one
processor dedicated to wireless communication functions and
one processor dedicated to running other applications. Typi-
cally, software applications may be stored in the internal
memory 604, 610, 702, or 704 before they are accessed and
loaded into the processors 602 and 701. The processors 602
and 701 may include internal memory sufficient to store the
application software instructions. In many devices the inter-
nal memory may be a volatile or nonvolatile memory, such as
flash memory, or a mixture of both. For the purposes of this
description, a general reference to memory refers to memory
accessible by the processors 602 and 701 including internal



US 9,386,062 B2

9

memory or removable memory plugged into the device and
memory within the processors 602 and 701 themselves.

The foregoing method descriptions and the process flow
diagrams are provided merely as illustrative examples and are
not intended to require or imply that the steps of the various
embodiments must be performed in the order presented. As
will be appreciated by one of skill in the art the order of steps
in the foregoing embodiments may be performed in any order.
Words such as “thereafter,” “then,” “next,” etc. are not
intended to limit the order of the steps; these words are simply
used to guide the reader through the description of the meth-
ods. Further, any reference to claim elements in the singular,
for example, using the articles “a,” “an” or “the” is not to be
construed as limiting the element to the singular.

The various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The hardware used to implement the various illustrative
logics, logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be imple-
mented or performed with a general purpose processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but, in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any
other such configuration. Alternatively, some steps or meth-
ods may be performed by circuitry that is specific to a given
function.

In one or more exemplary aspects, the functions described
may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the func-
tions may be stored as one or more instructions or code on a
non-transitory computer-readable medium or non-transitory
processor-readable medium. The steps of a method or algo-
rithm disclosed herein may be embodied in a processor-ex-
ecutable software module which may reside on a non-transi-
tory computer-readable or processor-readable storage
medium. Non-transitory server-readable, computer-readable
or processor-readable storage media may be any storage
media that may be accessed by a computer or a processor. By
way of example but not limitation, such non-transitory server-
readable, computer-readable or processor-readable media
may include RAM, ROM, EEPROM, FLLASH memory, CD-
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium that may
be used to store desired program code in the form of instruc-
tions or data structures and that may be accessed by a com-
puter. Disk and disc, as used herein, includes compact disc
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(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk, and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included within the
scope of non-transitory server-readable, computer-readable
and processor-readable media. Additionally, the operations of
a method or algorithm may reside as one or any combination
or set of codes and/or instructions on a non-transitory server-
readable, processor-readable medium and/or computer-read-
able medium, which may be incorporated into a computer
program product.

The preceding description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the present invention. Various modifications to these embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the following
claims and the principles and novel features disclosed herein.

What is claimed is:
1. A method for providing files from a Hypertext Transfer
Protocol (HTTP) server, comprising:

receiving a request from an application for an object in the
HTTP server, wherein the object is a Dynamic Adaptive
Streaming Over Hypertext Transfer Protocol (DASH)
segment and the request is from a DASH client;

determining whether the requested object is available in the
HTTP server;

holding the request in response to determining that the
requested object is unavailable;

determining whether a hold time threshold is satisfied
without the object becoming available in the HTTP
server;

determining whether a next object is available in the HT'TP
server; and

sending an error indication in response to the request when
the next object is available in the HTTP server in
response to determining that the hold time threshold is
satisfied without the object becoming available at the
HTTP server.

2. A Hypertext Transfer Protocol (HTTP) server compris-

ing:

means for receiving a request from an application for an
object, wherein the object is a Dynamic Adaptive
Streaming Over Hypertext Transfer Protocol (DASH)
segment and the request is from a DASH client;

means for determining whether the requested object is
available;

means for holding the request in response to determining
that the requested object is unavailable;

means for determining whether a hold time threshold is
satisfied without the object becoming available;

means for determining whether a next object is available;
and

means for sending an error indication in response to the
request when the next object is available in response to
determining that the hold time threshold is satisfied
without the object becoming available.

3. A Hypertext Transfer Protocol (HTTP) server, compris-

ing:

a processor is configured with processor-executable
instructions to perform operations comprising:
receiving a request from an application for an object;
determining whether the requested object is available;
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holding the request in response to determining that the
requested object is unavailable;

determining whether a hold time threshold is satisfied
without the object becoming available;

determining whether a next object is available; and

sending an error indication in response to the request
when the next object is available in response to deter-
mining that the hold time threshold is satisfied with-
out the object becoming available,

wherein the processor is configured with processor-execut-

able instructions to perform operations such that the
objectis a Dynamic Adaptive Streaming Over Hypertext
Transfer Protocol (DASH) segment and the request is
from a DASH client.

4. A non-transitory processor-readable storage medium
having stored thereon processor-executable instructions con-
figured to cause a Hypertext Transfer Protocol (HTTP) server
to perform operations comprising:
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receiving a request from an application for an object;

determining whether the requested object is available;

holding the request in response to determining that the
requested object is unavailable;

determining whether a hold time threshold is satisfied
without the object becoming available;

determining whether a next object is available; and

sending an error indication in response to the request when
the next object is available in response to determining
that the hold time threshold is satisfied without the
object becoming available,

wherein the stored processor-executable instructions area
configured to cause a HTTP server to perform opera-
tions such that the object is a Dynamic Adaptive Stream-
ing Over Hypertext Transfer Protocol (DASH) segment
and the request is from a DASH client.
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